
Intel - 5SGXEA9N3F45C4N Datasheet

Welcome to E-XFL.COM

Understanding Embedded - FPGAs (Field
Programmable Gate Array)
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flexibility and performance for digital systems. Unlike
traditional fixed-function logic devices, FPGAs can be
programmed and reprogrammed to execute a wide array
of logical operations, enabling customized functionality
tailored to specific applications. This reprogrammability
allows developers to iterate designs quickly and implement
complex functions without the need for custom hardware.

Applications of Embedded - FPGAs

The versatility of Embedded - FPGAs makes them
indispensable in numerous fields. In telecommunications,
FPGAs are used for high-speed data processing and
network infrastructure. In the automotive industry, they
support advanced driver-assistance systems (ADAS) and
infotainment solutions. Consumer electronics benefit from
FPGAs in devices requiring high performance and
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Industrial automation relies on FPGAs for real-time control
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of applications. High-performance FPGAs are designed for
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for performance-critical applications. Flash-based FPGAs
offer non-volatile storage, retaining their configuration
without power and enabling faster start-up times. Antifuse-
based FPGAs provide a permanent, one-time
programmable solution, ensuring robust security and
reliability for critical systems. Each type of FPGA brings
distinct advantages, making the choice dependent on the
specific needs of the application.
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Page 2 Electrical Characteristics
Table 2 lists the industrial and commercial speed grades for the Stratix V GT devices.

Absolute Maximum Ratings
Absolute maximum ratings define the maxi mum operating conditions for Stratix V 
devices. The values are based on experiments conducted with the devices and 
theoretical modeling of breakdown and damage mechanisms. The functional 
operation of the device is not implied for these conditions.

c Conditions other than those listed in Table 3 may cause permanent damage to the 
device. Additionally, device operation at the absolute maximum ratings for extended 
periods of time may have adverse effects on the device.

3

GX channel�8.5 Gbps
� Yes Yes Yes � Yes Yes (4) Yes

Notes to Table 1:
(1) C = Commercial temperature grade; I = Industrial temperature grade.
(2) Lower number refers to faster speed grade.
(3) C2L, I2L, and I3L speed grades are for low-power devices.
(4) I3YY speed grades can achieve up to 10.3125 Gbps.

Table 1. Stratix V GX and GS Commercial and Industrial Speed Grade Offering (1), (2), (3) (Part 2 of 2)

Transceiver Speed 
Grade

Core Speed Grade

C1 C2, C2L C3 C4 I2, I2L I3, I3L I3YY I4

Table 2. Stratix V GT Commercial and Industrial Speed Grade Offering (1), (2)

Transceiver Speed Grade
Core Speed Grade

C1 C2 I2 I3

2

GX channel�12.5 Gbps
GT channel�28.05 Gbps

Yes Yes � �

3

GX channel�12.5 Gbps
GT channel�25.78 Gbps

Yes Yes Yes Yes

Notes to Table 2:
(1) C = Commercial temperature grade; I = Industrial temperature grade.
(2) Lower number refers to faster speed grade.

Table 3. Absolute Maximum Ratings for Stratix V Devices (Part 1 of 2)

Symbol Description Minimum Maximum Unit

VCC Power supply for core voltage and periphery circuitry �0.5 1.35 V

VCCPT Power supply for programmable power technology �0.5 1.8 V

VCCPGM Power supply for configuration pins �0.5 3.9 V

VCC_AUX Auxiliary supply for the programmable power technology �0.5 3.4 V

VCCBAT Battery back-up power supply for design security volatile key register �0.5 3.9 V

VCCPD I/O pre-driver power supply �0.5 3.9 V

VCCIO I/O power supply �0.5 3.9 V
Stratix V Device Datasheet June 2018 Altera Corporation
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R) 
Table 7 lists the transceiver power supply recommended operating conditions for 
Stratix V GX, GS, and GT devices.

tRAMP Power supply ramp time
Standard POR 200 µs � 100 ms �

Fast POR 200 µs � 4 ms �

Notes to Table 6: 
(1) VCCPD must be 2.5 V when VCCIO is 2.5, 1.8, 1.5, 1.35, 1.25 or 1.2 V. VCCPD must be 3.0 V when VCCIO is 3.0 V.
(2) If you do not use the design security feature in Stratix V devices, connect VCCBAT to a 1.2- to 3.0-V power supply. Stratix V power-on-reset (PO

circuitry monitors VCCBAT. Stratix V devices will not exit POR if VCCBAT stays at logic low.
(3) C2L and I2L can also be run at 0.90 V for legacy boards that were designed for the C2 and I2 speed grades. 
(4) The power supply value describes the budget for the DC (static) power supply tolerance and does not include the dynamic tolerance 

requirements. Refer to the PDN tool for the additional budget for the dynamic tolerance requirements.

Table 6. Recommended Operating Conditions for Stratix V Devices (Part 2 of 2)

Symbol Description Condition Min(4) Typ Max(4) Unit

Table 7. Recommended Transceiver Power Supply Operating Conditions for Stratix V GX, GS, and GT Devices
(Part 1 of 2) 

Symbol Description Devices Minimum(4) Typical Maximum(4) Unit

VCCA_GXBL 
(1), (3)

Transceiver channel PLL power supply (left 
side) GX, GS, GT

2.85 3.0 3.15
V

2.375 2.5 2.625

VCCA_GXBR 
(1), (3)

Transceiver channel PLL power supply (right 
side) GX, GS

2.85 3.0 3.15
V

2.375 2.5 2.625

VCCA_GTBR
Transceiver channel PLL power supply (right 
side) GT 2.85 3.0 3.15 V

VCCHIP_L 

Transceiver hard IP power supply (left side; 
C1, C2, I2, and I3YY speed grades) GX, GS, GT 0.87 0.9 0.93 V

Transceiver hard IP power supply (left side; 
C2L, C3, C4, I2L, I3, I3L, and I4 speed 
grades)

GX, GS, GT 0.82 0.85 0.88 V

VCCHIP_R 

Transceiver hard IP power supply (right side; 
C1, C2, I2, and I3YY speed grades) GX, GS, GT 0.87 0.9 0.93 V

Transceiver hard IP power supply (right side; 
C2L, C3, C4, I2L, I3, I3L, and I4 speed 
grades)

GX, GS, GT 0.82 0.85 0.88 V

VCCHSSI_L

Transceiver PCS power supply (left side; 
C1, C2, I2, and I3YY speed grades) GX, GS, GT 0.87 0.9 0.93 V

Transceiver PCS power supply (left side; 
C2L, C3, C4, I2L, I3, I3L, and I4 speed 
grades)

GX, GS, GT 0.82 0.85 0.88 V

VCCHSSI_R

Transceiver PCS power supply (right side; 
C1, C2, I2, and I3YY speed grades) GX, GS, GT 0.87 0.9 0.93 V

Transceiver PCS power supply (right side; 
C2L, C3, C4, I2L, I3, I3L, and I4 speed 
grades)

GX, GS, GT 0.82 0.85 0.88 V

VCCR_GXBL 
(2) Receiver analog power supply (left side) GX, GS, GT

0.82 0.85 0.88

V
0.87 0.90 0.93

0.97 1.0 1.03

1.03 1.05 1.07
Stratix V Device Datasheet June 2018 Altera Corporation
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VCCR_GXBR 
(2) Receiver analog power supply (right side) GX, GS, GT

0.82 0.85 0.88

V
0.87 0.90 0.93

0.97 1.0 1.03

1.03 1.05 1.07

VCCR_GTBR
Receiver analog power supply for GT 
channels (right side) GT 1.02 1.05 1.08 V

VCCT_GXBL 
(2) Transmitter analog power supply (left side) GX, GS, GT

0.82 0.85 0.88

V
0.87 0.90 0.93

0.97 1.0 1.03

1.03 1.05 1.07

VCCT_GXBR 
(2) Transmitter analog power supply (right side) GX, GS, GT

0.82 0.85 0.88

V
0.87 0.90 0.93

0.97 1.0 1.03

1.03 1.05 1.07

VCCT_GTBR
Transmitter analog power supply for GT 
channels (right side) GT 1.02 1.05 1.08 V

VCCL_GTBR Transmitter clock network power supply GT 1.02 1.05 1.08 V

VCCH_GXBL 
Transmitter output buffer power supply (left 
side) GX, GS, GT 1.425 1.5 1.575 V

VCCH_GXBR 
Transmitter output buffer power supply 
(right side) GX, GS, GT 1.425 1.5 1.575 V

Notes to Table 7:
(1) This supply must be connected to 3.0 V if the CMU PLL, receiver CDR, or both, are configured at a base data rate > 6.5 Gbps. Up to 6.5 Gbps, 

you can connect this supply to either 3.0 V or 2.5 V.
(2) Refer to Table 8 to select the correct power supply level for your design.
(3) When using ATX PLLs, the supply must be 3.0 V.
(4) This value describes the budget for the DC (static) power supply tolerance and does not include the dynamic tolerance requirements. Refer to 

the PDN tool for the additional budget for the dynamic tolerance requirements.

Table 7. Recommended Transceiver Power Supply Operating Conditions for Stratix V GX, GS, and GT Devices
(Part 2 of 2) 

Symbol Description Devices Minimum(4) Typical Maximum(4) Unit
Stratix V Device DatasheetJune 2018 Altera Corporation
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Power Consumption
Altera offers two ways to estimate power consumption for a design�the Excel-based 
Early Power Estimator and the Quartus fi  II PowerPlay Power Analyzer feature. 

HSTL-12 
Class I, II 1.14 1.2 1.26 0.16 VCCIO 

+ 0.3 � 0.5* 
VCCIO

� 0.4* 
VCCIO

0.5* 
VCCIO

0.6* 
VCCIO

0.3 VC
+ 

HSUL-12 1.14 1.2 1.3 0.26 0.260.5*VCCIO 
� 0.12

0.5* 
VCCIO

0.5*VCCIO 
+ 0.12

0.4* 
VCCIO

0.5* 
VCCIO

0.6* 
VCCIO

0.44 0

Table 21. Differential HSTL and HSUL I/O Standards for Stratix V Devices (Part 2 of 2)

I/O 
Standard

VCCIO (V) VDIF(DC) (V) VX(AC) (V) VCM(DC) (V) VDIF(AC) (V

Min Typ Max Min Max Min Typ Max Min Typ Max Min

Table 22. Differential I/O Standard Specifications for Stratix V Devices(7)

I/O 
Standard

VCCIO (V) (10) VID (mV)(8) VICM(DC) (V) VOD (V) (6) VOCM (V) (6

Min Typ Max Min Condition Max Min Condition Max Min Typ Max Min T

PCML Transmitter, receiver, and input reference clock pins of the high-speed transceivers use the PCML I/O sta
transmitter, receiver, and reference clock I/O pin specifications, refer to Table 23 on page 18.

2.5 V 
LVDS (1) 2.375 2.5 2.625 100 VCM = 

1.25 V

� 0.05 DMAX �d 
700 Mbps 1.8 0.247 � 0.6 1.125 1.25

� 1.05 DMAX > 
700 Mbps 1.55 0.247 � 0.6 1.125 1.25

BLVDS(5) 2.375 2.5 2.625 100 � � � � � � � � � � �

RSDS 
(HIO) (2) 2.375 2.5 2.625 100 VCM = 

1.25 V � 0.3 � 1.4 0.1 0.2 0.6 0.5 1.2

Mini-
LVDS 
(HIO) (3)

2.375 2.5 2.625 200 � 600 0.4 � 1.325 0.25 � 0.6 1 1.2

LVPECL(4
), (9)

� � � 300 � � 0.6 DMAX �d 
700 Mbps 1.8 � � � � � �

� � � 300 � � 1 DMAX > 
700 Mbps 1.6 � � � � � �

Notes to Table 22:
(1) For optimized LVDS receiver performance, the receiver voltage input range must be between 1.0 V to 1.6 V for data rates above 700 Mbps, and 0

V for data rates below 700 Mbps.
(2) For optimized RSDS receiver performance, the receiver voltage input range must be between 0.25 V to 1.45 V.
(3) For optimized Mini-LVDS receiver performance, the receiver voltage input range must be between 0.3 V to 1.425 V.
(4) For optimized LVPECL receiver performance, the receiver voltage input range must be between 0.85 V to 1.75 V for data rate above 700 Mbps an

to 1.95 V for data rate below 700 Mbps.
(5) There are no fixed VICM, VOD, and VOCM specifications for BLVDS. They depend on the system topology.
(6) RL range: 90 �d RL �d 110 �: .
(7) The 1.4-V and 1.5-V PCML transceiver I/O standard specifications are described in �Transceiver Performance Specifications� on page 18. 
(8) The minimum VID value is applicable over the entire common mode range, VCM.
(9) LVPECL is only supported on dedicated clock input pins.
(10) Differential inputs are powered by VCCPD which requires 2.5 V. 
Stratix V Device Datasheet June 2018 Altera Corporation
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d 
Switching Characteristics
This section provides performance characteristics of the Stratix V core and periphery 
blocks. 

These characteristics can be designated as Preliminary or Final. 

� Preliminary characteristics are created using simulation results, process data, and 
other known parameters. The title of th ese tables show the designation as 
�Preliminary.� 

� Final numbers are based on actual silicon characterization and testing. The 
numbers reflect the actual performance of the device under worst-case silicon 
process, voltage, and junction temperature conditions. There are no designations 
on finalized tables.

Transceiver Performance Specifications
This section describes transceiver performance specifications.

Table 23 lists the Stratix V GX and GS transceiver specifications.

Table 23. Transceiver Specifications for Stratix V GX and GS Devices (1) (Part 1 of 7)

Symbol/
Description Conditions

Transceiver Speed 
Grade 1

Transceiver Speed 
Grade 2

Transceiver Speed 
Grade 3 Unit

Min Typ Max Min Typ Max Min Typ Max

Reference Clock

Supported I/O 
Standards

Dedicated 
reference 
clock pin

1.2-V PCML, 1.4-V PCML, 1.5-V PCML, 2.5-V PCML, Differential LVPECL, LVDS, an
HCSL

RX reference 
clock pin 1.4-V PCML, 1.5-V PCML, 2.5-V PCML, LVPECL, and LVDS

Input Reference 
Clock Frequency
(CMU PLL)(8) 

� 40 � 710 40 � 710 40 � 710 MHz

Input Reference 
Clock Frequency
(ATX PLL)(8) 

� 100 � 710 100 � 710 100 � 710 MHz

Rise time

Measure at 
–60 mV of 
differential 
signal(26)

� � 400 � � 400 � � 400

ps

Fall time

Measure at 
–60 mV of 
differential 
signal(26)

� � 400 � � 400 � � 400

Duty cycle � 45 � 55 45 � 55 45 � 55 %

Spread-spectrum 
modulating clock 
frequency

PCI Expressfi  
(PCIefi ) 30 � 33 30 � 33 30 � 33 kHz
Stratix V Device Datasheet June 2018 Altera Corporation
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Differential on-
chip termination 
resistors(21)

85���:  setting � 85 – 
30% � � 85 – 

30% � � 85 – 
30% � �:

100���:  
setting �

100 
– 

30%
� �

100 
– 

30%
� �

100 
– 

30%
� �:

120���:  
setting �

120 
– 

30%
� �

120 
– 

30%
� �

120 
– 

30%
� �:

150-�:  
setting �

150 
– 

30%
� �

150 
– 

30%
� �

150 
– 

30%
� �:

VICM 
(AC and DC 
coupled)

VCCR_GXB = 
0.85 V or 0.9 

V
full 

bandwidth 

� 600 � � 600 � � 600 � mV

 VCCR_GXB = 
0.85 V or 0.9 

V
half 

bandwidth

� 600 � � 600 � � 600 � mV

VCCR_GXB = 
1.0 V/1.05 V

full 
bandwidth

� 700 � � 700 � � 700 � mV

VCCR_GXB = 
1.0 V
half 

bandwidth

� 750 � � 750 � � 750 � mV

tLTR 
(11) � � � 10 � � 10 � � 10 µs

tLTD 
(12) � 4 � � 4 � � 4 � � µs

tLTD_manual 
(13) � 4 � � 4 � � 4 � � µs

tLTR_LTD_manual 
(14) � 15 � � 15 � � 15 � � µs

Run Length � � � 200 � � 200 � � 200 UI

Programmable 
equalization
(AC Gain)(10)

Full 
bandwidth 
(6.25 GHz)

Half 
bandwidth 

(3.125 GHz)

� � 16 � � 16 � � 16 dB

Table 23. Transceiver Specifications for Stratix V GX and GS Devices (1) (Part 4 of 7)

Symbol/
Description Conditions

Transceiver Speed 
Grade 1

Transceiver Speed 
Grade 2

Transceiver Speed 
Grade 3 Unit

Min Typ Max Min Typ Max Min Typ Max
Stratix V Device DatasheetJune 2018 Altera Corporation
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6

Table 25 shows the approximate maximum data rate using the standard PCS.

Table 25. Stratix V Standard PCS Approximate Maximum Date Rate (1), (3)

Mode (2) Transceiver
Speed Grade

PMA Width 20 20 16 16 10 10 8 8

PCS/Core Width 40 20 32 16 20 10 16 8

FIFO

1 C1, C2, C2L, I2, I2L
core speed grade 12.2 11.4 9.76 9.12 6.5 5.8 5.2 4.72

2

C1, C2, C2L, I2, I2L
core speed grade 12.2 11.4 9.76 9.12 6.5 5.8 5.2 4.72

C3, I3, I3L
core speed grade 9.8 9.0 7.84 7.2 5.3 4.7 4.24 3.76

3

C1, C2, C2L, I2, I2L
core speed grade 8.5 8.5 8.5 8.5 6.5 5.8 5.2 4.72

I3YY
core speed grade 10.3125 10.3125 7.84 7.2 5.3 4.7 4.24 3.76

C3, I3, I3L
core speed grade 8.5 8.5 7.84 7.2 5.3 4.7 4.24 3.76

C4, I4
core speed grade 8.5 8.2 7.04 6.56 4.8 4.2 3.84 3.44

Register

1 C1, C2, C2L, I2, I2L
core speed grade 12.2 11.4 9.76 9.12 6.1 5.7 4.88 4.56

2

C1, C2, C2L, I2, I2L
core speed grade 12.2 11.4 9.76 9.12 6.1 5.7 4.88 4.56

C3, I3, I3L
core speed grade 9.8 9.0 7.92 7.2 4.9 4.5 3.96 3.6

3

C1, C2, C2L, I2, I2L
core speed grade 10.3125 10.3125 10.3125 10.3125 6.1 5.7 4.88 4.5

I3YY
core speed grade 10.3125 10.3125 7.92 7.2 4.9 4.5 3.96 3.6

C3, I3, I3L
core speed grade 8.5 8.5 7.92 7.2 4.9 4.5 3.96 3.6

C4, I4
core speed grade 8.5 8.2 7.04 6.56 4.4 4.1 3.52 3.28

Notes to Table 25:
(1) The maximum data rate is in Gbps.
(2) The Phase Compensation FIFO can be configured in FIFO mode or register mode. In the FIFO mode, the pointers are not fixed, and the latency 

can vary. In the register mode the pointers are fixed for low latency.
(3) The maximum data rate is also constrained by the transceiver speed grade. Refer to Table 1 for the transceiver speed grade.
Stratix V Device Datasheet June 2018 Altera Corporation
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Table 26 shows the approximate maximum data rate using the 10G PCS.

Table 26. Stratix V 10G PCS Approximate Maximum Data Rate (1)

Mode (2) Transceiver
Speed Grade

PMA Width 64 40 40 40 32 32

PCS Width 64 66/67 50 40 64/66/67 32

FIFO or 
Register

1 C1, C2, C2L, I2, I2L
core speed grade 14.1 14.1 10.69 14.1 13.6 13.6

2

C1, C2, C2L, I2, I2L
core speed grade 12.5 12.5 10.69 12.5 12.5 12.5

C3, I3, I3L
core speed grade 12.5 12.5 10.69 12.5 10.88 10.88

3

C1, C2, C2L, I2, I2L 
core speed grade

8.5 GbpsC3, I3, I3L
core speed grade

C4, I4
core speed grade

I3YY
core speed grade 10.3125 Gbps

Notes to Table 26:
(1) The maximum data rate is in Gbps.
(2) The Phase Compensation FIFO can be configured in FIFO mode or register mode. In the FIFO mode, the pointers are not fixed, and the latency 

can vary. In the register mode the pointers are fixed for low latency.
Stratix V Device DatasheetJune 2018 Altera Corporation
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Table 27 shows the VOD settings for the GX channel.

Table 27. Typical VOD Setting for GX Channel, TX Termination = 100 �: (2)

Symbol VOD Setting VOD Value 
(mV) VOD Setting VOD Value 

(mV)

VOD differential peak to peak 
typical (3)

0 (1) 0 32 640

1 (1) 20 33 660

2 (1) 40 34 680

3 (1) 60 35 700

4 (1) 80 36 720

5 (1) 100 37 740

6 120 38 760

7 140 39 780

8 160 40 800

9 180 41 820

10 200 42 840

11 220 43 860

12 240 44 880

13 260 45 900

14 280 46 920

15 300 47 940

16 320 48 960

17 340 49 980

18 360 50 1000

19 380 51 1020

20 400 52 1040

21 420 53 1060

22 440 54 1080

23 460 55 1100

24 480 56 1120

25 500 57 1140

26 520 58 1160

27 540 59 1180

28 560 60 1200

29 580 61 1220

30 600 62 1240

31 620 63 1260

Note to Table 27:
(1) If TX termination resistance = 100�:����this VOD setting is illegal.
(2) The tolerance is +/-20% for all VOD settings except for settings 2 and below.
(3) Refer to Figure 2.
Stratix V Device Datasheet June 2018 Altera Corporation
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Figure 2 shows the differential transmitter output waveform.

Figure 3 shows the Stratix V AC gain curves for GX channels.

1 Stratix V GT devices contain both GX and GT channels. All transceiver specifications 
for the GX channels not listed in Table 28 are the same as those listed in Table 23.

Table 28 lists the Stratix V GT transceiver specifications.

Figure 2. Differential Transmitter Output Waveform

Single-Ended Waveform

Differential Waveform V OD/VID (differential peak to peak typical) =  2  x  V OD/VID (single-ended)

Positive Channel (p) 

Negative Channel (n) 

Ground

VODVOD/VID (single-ended)

VCM

VOD/VID (single-ended)

VOD/VID (single-ended)

Figure 3. AC Gain Curves for GX Channels (full bandwidth)
Stratix V Device DatasheetJune 2018 Altera Corporation
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, 
Table 28. Transceiver Specifications for Stratix V GT Devices (Part 1 of 5)(1)

Symbol/
Description Conditions

Transceiver 
Speed Grade 2

Transceiver
Speed Grade 3 Unit

Min Typ Max Min Typ Max

Reference Clock 

Supported I/O 
Standards

Dedicated 
reference 
clock pin

1.2-V PCML, 1.4-V PCML, 1.5-V PCML, 2.5-V PCML, Differential LVPECL, LVDS
and HCSL

RX reference 
clock pin 1.4-V PCML, 1.5-V PCML, 2.5-V PCML, LVPECL, and LVDS 

Input Reference Clock 
Frequency (CMU 
PLL)(6)

� 40 � 710 40 � 710 MHz

Input Reference Clock 
Frequency (ATX PLL)(6) � 100 � 710 100 � 710 MHz

Rise time 20% to 80% � � 400 � � 400
ps

Fall time 80% to 20% � � 400 � � 400

Duty cycle � 45 � 55 45 � 55 %

Spread-spectrum 
modulating clock 
frequency

PCI Express 
(PCIe) 30 � 33 30 � 33 kHz

Spread-spectrum 
downspread PCIe � 0 to �0.5 � � 0 to �0.5 � %

On-chip termination 
resistors(19) � � 100 � � 100 � �:

Absolute VMAX (3)

Dedicated 
reference 
clock pin

� � 1.6 � � 1.6
V

RX reference 
clock pin � � 1.2 � � 1.2

Absolute VMIN � -0.4 � � -0.4 � � V

Peak-to-peak 
differential input 
voltage

� 200 � 1600 200 � 1600 mV

VICM (AC coupled)

Dedicated 
reference 
clock pin

1050/1000(2) 1050/1000(2) mV

RX reference 
clock pin 1.0/0.9/0.85(22) 1.0/0.9/0.85(22) V

VICM (DC coupled)

HCSL I/O 
standard for 

PCIe 
reference 

clock 

250 � 550 250 � 550 mV
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Figure 6 shows the Stratix V DC gain curves for GT channels.

Transceiver Characterization
This section summarizes the Stratix V transceiver characterization results for 
compliance with the following protocols:

� Interlaken   

� 40G (XLAUI)/100G (CAUI)

� 10GBase-KR   

� QSGMII   

� XAUI   

� SFI   

� Gigabit Ethernet (Gbe / GIGE)   

� SPAUI   

� Serial Rapid IO (SRIO)   

� CPRI   

� OBSAI   

� Hyper Transport (HT)   

� SATA   

� SAS   

� CEI   

Figure 6. DC Gain Curves for GT Channels
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tINCCJ (3), (4)
Input clock cycle-to-cycle jitter (fREF ≥ 100 MHz) � � 0.15 UI (p-p)

Input clock cycle-to-cycle jitter (fREF < 100 MHz) �750 � +750 ps (p-p)

tOUTPJ_DC (5)

Period Jitter for dedicated clock output (fOUT ≥ 
100 MHz) � � 175 (1) ps (p-p)

Period Jitter for dedicated clock output (fOUT < 
100 MHz) � � 17.5 (1) mUI (p-p)

tFOUTPJ_DC 
(5)

Period Jitter for dedicated clock output in fractional 
PLL (fOUT �t 100 MHz) � � 250(11), 

175(12) ps (p-p)

Period Jitter for dedicated clock output in fractional 
PLL (fOUT < 100 MHz) � � 25(11), 

17.5(12) mUI (p-p)

tOUTCCJ_DC (5)

Cycle-to-Cycle Jitter for a dedicated clock output 
(fOUT ≥ 100 MHz) � � 175 ps (p-p)

Cycle-to-Cycle Jitter for a dedicated clock output
(fOUT < 100 MHz) � � 17.5 mUI (p-p)

tFOUTCCJ_DC
(5)

Cycle-to-cycle Jitter for a dedicated clock output in 
fractional PLL (fOUT �t 100 MHz) � � 250(11), 

175(12) ps (p-p)

Cycle-to-cycle Jitter for a dedicated clock output in 
fractional PLL (fOUT < 100 MHz)+ � � 25(11), 

17.5(12) mUI (p-p)

tOUTPJ_IO (5), 
(8)

Period Jitter for a clock output on a regular I/O in 
integer PLL (fOUT ≥ 100 MHz) � � 600 ps (p-p)

Period Jitter for a clock output on a regular I/O 
(fOUT < 100 MHz) � � 60 mUI (p-p)

tFOUTPJ_IO
(5), 

(8), (11)

Period Jitter for a clock output on a regular I/O in 
fractional PLL (fOUT �t 100 MHz) � � 600 (10) ps (p-p)

Period Jitter for a clock output on a regular I/O in 
fractional PLL (fOUT < 100 MHz) � � 60 (10) mUI (p-p)

tOUTCCJ_IO (5), 
(8)

Cycle-to-cycle Jitter for a clock output on a regular I/O 
in integer PLL (fOUT �t 100 MHz) � � 600 ps (p-p)

Cycle-to-cycle Jitter for a clock output on a regular I/O 
in integer PLL (fOUT < 100 MHz) � � 60 (10) mUI (p-p)

tFOUTCCJ_IO
(5), 

(8), (11)

Cycle-to-cycle Jitter for a clock output on a regular I/O 
in fractional PLL (fOUT �t 100 MHz) � � 600 (10) ps (p-p)

Cycle-to-cycle Jitter for a clock output on a regular I/O 
in fractional PLL (fOUT < 100 MHz) � � 60 mUI (p-p)

tCASC_OUTPJ_DC 
(5), (6)

Period Jitter for a dedicated clock output in cascaded 
PLLs (fOUT ≥ 100 MHz) � � 175 ps (p-p)

Period Jitter for a dedicated clock output in cascaded 
PLLs (fOUT < 100 MHz) � � 17.5 mUI (p-p)

fDRIFT
Frequency drift after PFDENA is disabled for a duration 
of 100 µs � � –10 %

dKBIT Bit number of Delta Sigma Modulator (DSM) 8 24 32 Bits

kVALUE Numerator of Fraction 128 8388608 2147483648 �

Table 31. PLL Specifications for Stratix V Devices (Part 2 of 3)

Symbol Parameter Min Typ Max Unit
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plies 
DSP Block Specifications 
Table 32 lists the Stratix V DSP block performance specifications.

fRES Resolution of VCO frequency (fINPFD = 100 MHz) 390625 5.96 0.023 Hz

Notes to Table 31:
(1) This specification is limited in the Quartus II software by the I/O maximum frequency. The maximum I/O frequency is different for each I/O 

standard. 
(2) This specification is limited by the lower of the two: I/O fMAX or fOUT of the PLL.
(3) A high input jitter directly affects the PLL output jitter. To have low PLL output clock jitter, you must provide a clean clock source < 120 ps.
(4) fREF is fIN/N when N = 1.
(5) Peak-to-peak jitter with a probability level of 10�12 (14 sigma, 99.99999999974404% confidence level). The output jitter specification ap

to the intrinsic jitter of the PLL, when an input jitter of 30 ps is applied. The external memory interface clock output jitter specifications use a 
different measurement method and are available in Table 44 on page 52.

(6) The cascaded PLL specification is only applicable with the following condition:
a. Upstream PLL: 0.59Mhz �d Upstream PLL BW < 1 MHz 
b. Downstream PLL: Downstream PLL BW > 2 MHz 

(7) High bandwidth PLL settings are not supported in external feedback mode.
(8) The external memory interface clock output jitter specifications use a different measurement method, which is available in Table 42 on page 50.
(9) The VCO frequency reported by the Quartus II software in the PLL Usage Summary section of the compilation report takes into consideration 

the VCO post-scale counter K value. Therefore, if the counter K has a value of 2, the frequency reported can be lower than the fVCO specification.
(10) This specification only covers fractional PLL for low bandwidth. The fVCO for fractional value range 0.05 - 0.95 must be �t��1000 MHz, while fVCO 

for fractional value range 0.20 - 0.80 must be �t 1200 MHz.
(11) This specification only covered fractional PLL for low bandwidth. The fVCO for fractional value range 0.05-0.95 must be �t 1000 MHz.
(12) This specification only covered fractional PLL for low bandwidth. The fVCO for fractional value range 0.20-0.80 must be �t 1200 MHz.

Table 31. PLL Specifications for Stratix V Devices (Part 3 of 3)

Symbol Parameter Min Typ Max Unit

Table 32. Block Performance Specifications for Stratix V DSP Devices (Part 1 of 2)

Mode
Peformance

Unit
C1 C2, C2L I2, I2L C3 I3, I3L, 

I3YY C4 I4

Modes using one DSP

Three 9 x 9 600 600 600 480 480 420 420 MHz

One 18 x 18 600 600 600 480 480 420 400 MHz

Two partial 18 x 18 (or 16 x 16) 600 600 600 480 480 420 400 MHz

One 27 x 27 500 500 500 400 400 350 350 MHz

One 36 x 18 500 500 500 400 400 350 350 MHz

One sum of two 18 x 18(One sum of 
2 16 x 16) 500 500 500 400 400 350 350 MHz

One sum of square 500 500 500 400 400 350 350 MHz

One 18 x 18 plus 36 (a x b) + c 500 500 500 400 400 350 350 MHz

Modes using two DSPs

Three 18 x 18 500 500 500 400 400 350 350 MHz

One sum of four 18 x 18 475 475 475 380 380 300 300 MHz

One sum of two 27 x 27 465 465 450 380 380 300 290 MHz

One sum of two 36 x 18 475 475 475 380 380 300 300 MHz

One complex 18 x 18 500 500 500 400 400 350 350 MHz

One 36 x 36 475 475 475 380 380 300 300 MHz
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Temperature Sensing Diode Specifications
Table 34 lists the internal TSD specification.

Table 35 lists the specifications for the Stratix V external temperature sensing diode.

M20K 
Block

Single-port, all 
supported widths 0 1 700 700 650 550 700 500 450 MHz

Simple dual-port, all 
supported widths 0 1 700 700 650 550 700 500 450 MHz

Simple dual-port with 
the read-during-write 
option set to Old Data, 
all supported widths

0 1 525 525 455 400 525 455 400 MHz

Simple dual-port with 
ECC enabled, 512 × 32 0 1 450 450 400 350 450 400 350 MHz

Simple dual-port with 
ECC and optional 
pipeline registers 
enabled, 512 × 32

0 1 600 600 500 450 600 500 450 MHz

True dual port, all 
supported widths 0 1 700 700 650 550 700 500 450 MHz

ROM, all supported 
widths 0 1 700 700 650 550 700 500 450 MHz

Notes to Table 33:
(1) To achieve the maximum memory block performance, use a memory block clock that comes through global clock routing from an on-chip PLL 

set to 50% output duty cycle. Use the Quartus II software to report timing for this and other memory block clocking schemes.
(2) When you use the error detection cyclical redundancy check (CRC) feature, there is no degradation in FMAX.
(3) The FMAX specification is only achievable with Fitter options, MLAB Implementation In 16-Bit Deep Mode enabled.

Table 33.  Memory Block Performance Specifications for Stratix V Devices(1), (2) (Part 2 of 2)

Memory Mode

Resources Used Performance

Unit
ALUTs Memory C1 C2, 

C2L C3 C4 I2, I2L
I3, 
I3L, 
I3YY

I4

Table 34. Internal Temperature Sensing Diode Specification

Temperature 
Range Accuracy

Offset 
Calibrated 

Option
Sampling Rate Conversion 

Time Resolution

Minimum 
Resolution 

with no 
Missing Codes

�40°C to 100°C –8°C No 1 MHz, 500 KHz < 100 ms 8 bits 8 bits

Table 35. External Temperature Sensing Diode Specifications for Stratix V Devices

Description Min Typ Max Unit

Ibias, diode source current 8 � 200 �PA

Vbias, voltage across diode 0.3 � 0.9 V

Series resistance � � < 1 �:

Diode ideality factor 1.006 1.008 1.010 �
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Transmitter

True 
Differential 
I/O Standards 
- fHSDR (data 
rate)

SERDES factor J 
= 3 to 10 (9), (11), 
(12), (13), (14), (15), 

(16)

(6) � 1600 (6) � 1434 (6) � 1250 (6) � 1050 Mbps

SERDES factor J 
�t 4

LVDS TX with 
DPA (12), (14), (15), 

(16)

(6) � 1600 (6) � 1600 (6) � 1600 (6) � 1250 Mbps

SERDES factor J 
= 2, 

uses DDR 
Registers

(6) � (7) (6) � (7) (6) � (7) (6) � (7) Mbps

SERDES factor J 
= 1, 

uses SDR 
Register

(6) � (7) (6) � (7) (6) � (7) (6) � (7) Mbps

Emulated 
Differential 
I/O Standards 
with Three 
External 
Output 
Resistor 
Networks - 
fHSDR (data 
rate) (10)

SERDES factor J 
= 4 to 10(17)

(6) � 1100 (6) � 1100 (6) � 840 (6) � 840 Mbps

tx Jitter - True 
Differential 
I/O Standards

Total Jitter for 
Data Rate 

600 Mbps - 
1.25 Gbps

� � 160 � � 160 � � 160 � � 160 ps

Total Jitter for 
Data Rate 

< 600 Mbps
� � 0.1 � � 0.1 � � 0.1 � � 0.1 UI

tx Jitter - 
Emulated 
Differential 
I/O Standards 
with Three 
External 
Output 
Resistor 
Network

Total Jitter for 
Data Rate 

600 Mbps - 1.25 
Gbps

� � 300 � � 300 � � 300 � � 325 ps

Total Jitter for 
Data Rate 

< 600 Mbps
� � 0.2 � � 0.2 � � 0.2 � � 0.25 UI

Table 36. High-Speed I/O Specifications for Stratix V Devices(1), (2) (Part 2 of 4)

Symbol Conditions
C1 C2, C2L, I2, I2L C3, I3, I3L, I3YY C4,I4

Unit
Min Typ Max Min Typ Max Min Typ Max Min Typ Max
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s

Figure 7 shows the dynamic phase alignment (DPA) lock time specifications with the 
DPA PLL calibration option enabled.

Table 37 lists the DPA lock time specifications for Stratix V devices.

Figure 8 shows the LVDS soft-clock data recovery (CDR)/DPA sinusoidal jitter 
tolerance specification for a data rate �t 1.25 Gbps. Table 38 lists the LVDS 
soft-CDR/DPA sinusoidal jitter tolerance specification for a data rate �t 1.25 Gbps.

Figure 7. DPA Lock Time Specification with DPA PLL Calibration Enabled

rx_dpa_locked

rx_reset
DPA Lock Time

256 data
transitions

96 slow
clock cycles

256 data
transitions

256 data
transitions

96 slow
clock cycles

Table 37. DPA Lock Time Specifications for Stratix V GX Devices Only(1), (2), (3)

Standard Training Pattern

Number of Data 
Transitions in One 
Repetition of the 
Training Pattern

Number of 
Repetitions per 256 
Data Transitions (4)

Maximum

SPI-4 00000000001111111111 2 128 640 data transition

Parallel Rapid I/O
00001111 2 128 640 data transitions

10010000 4 64 640 data transitions

Miscellaneous
10101010 8 32 640 data transitions

01010101 8 32 640 data transitions

Notes to Table 37:
(1) The DPA lock time is for one channel.
(2) One data transition is defined as a 0-to-1 or 1-to-0 transition.
(3) The DPA lock time stated in this table applies to both commercial and industrial grade.
(4) This is the number of repetitions for the stated training pattern to achieve the 256 data transitions.

Figure 8. LVDS Soft-CDR/DPA Sinusoidal Jitter Tolerance Specification for a Data Rate �t 1.25 Gbps

LVDS Soft-CDR/DPA Sinusoidal Jitter Tolerance Specification
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